Predictive value of angiogenic factors, clinical risk factors and uterine artery Doppler for pre-eclampsia and fetal growth restriction in second and third trimester pregnancies in an Ecuadorian population, The Journal of Maternal-Fetal & Neonatal Medicine, 29:4, 537-543, DOI: 10.3109/14767058.2015 Results: Pregnancies with either FGR or PE & FGR exhibited in the second trimester a significantly higher mean UA PI and sFlt-1/PLGF ratio and lower PLGF values compared to controls. In the third trimester, all groups with adverse outcome demonstrated significantly lower PLGF levels and a higher sFlt-1/PLGF ratio compared to normal pregnancies. Differences were most pronounced for pregnancies that developed PE and FGR for both time intervals. The combination of UAD and sFlt-1/PLGF ratio improved the predictive capacity for PE and FGR compared to each parameter alone. The best performance was obtained by integrating anamnestic risk factors, resulting in an area under the receiver operating curve for PE of 0.85 and 0.89 and for FGR of 0.79 and 0.77 in the second and third trimester, respectively. Conclusion: In a high-altitude Ecuadorian population, angiogenic factors and UA PI were useful tools in the prediction of PE and/or FGR. The highest performance was achieved by the combination of these factors, including obstetric and medical history.
Introduction
Pre-eclampsia (PE) is a pregnancy-specific multisystem disorder that affects 2-8% of women worldwide. It contributes substantially to fetal and maternal morbidity and mortality, especially in developing countries [1] .
PE and fetal growth restriction (FGR) share several mechanisms of disease which include disturbed uteroplacental perfusion with chronic ischemia and various endothelial cell dysfunction. There is increasing evidence that the imbalance between pro-angiogenic factors such as placental growth factor (PLGF) and the anti-angiogenic factor soluble fms-like tyrosine kinase-1 (sFlt-1) participate in the pathophysiology of both, PE and FGR. However, it is still unclear why some women with similar findings develop PE, while others develop FGR and some may be affected of both [2] [3] [4] .
A number of second and third trimester studies demonstrated that pre-eclamptic patients present significantly higher levels of sFlt-1 accompanied by significantly lower levels of PLGF compared to controls. It has been shown that altered maternal sFlt-1 and PLGF levels are detectable weeks before the onset of PE and FGR, but absolute levels varied widely between studies [5] [6] [7] [8] [9] [10] . More recently, the sFlt-1/PLGF ratio has been proposed as an aid to enhance the diagnostic accuracy of screening [11] . Further, abnormal uterine artery Doppler (UAD) is a well-known surrogate marker of disturbed placental development. Increased UAD resistance and/or early diastolic notching in the second trimester equally are associated with an elevated risk for PE and FGR through the course of pregnancy [12] [13] [14] . In some studies, angiogenic markers combined with UAD investigation had more predictive ability than any of these examinations alone [15, 16] .
In the highlands of Ecuador (2850 m), the prevalence of PE is between 12% and 15%, which is up to 4 times higher in comparison to its prevalence in low-altitude residents. Compared with babies born at low-altitude, high-altitude babies in Bolivia have a greater occurrence of FGR (17% versus 6%). While the reason behind this has not been fully studied yet, current hypothesis constitute a relationship to the high altitude. In addition, pre-eclamptic women show an overexpression of placental hypoxia-inducible factor (HIF), which is also increased in high-altitude residents [17] [18] [19] .
Especially in countries with limited resources but a high prevalence, timely identification of women at risk is vital in order to adjust prenatal care. Consequently, the aim of this study was to investigate the usefulness of sFlt-1 and PLGF determination in combination with uterine artery (UA) Doppler for the prediction of PE and FGR in second and third trimester Ecuadorian pregnancies.
Methods

Study design
The study was designed as a prospective cohort study and included 346 pregnant women who attended the routine obstetrical care at Hospital Isidro Ayora in Quito, Ecuador, between April and December 2010. Approval of the local ethics committee was provided. All women gave written, informed consent. Patients with singleton pregnancies were enrolled from the second trimester of pregnancy (first visit between 18 and 25 weeks) to their discharge after delivery.
At recruitment and after delivery, all women underwent a standard workup including previous and current obstetric history, blood pressure determination and quantification of urine protein excretion by dipstick. Routine ultrasound investigation included fetal biometry, exclusion of major malformations and UAD studies. UAD examinations were performed transabdominally using standardized criteria [15] . The pulsatility index (PI) was calculated as a mean from both sides and the presence or absence of a notching was noted. There was one principle investigator (C.K.). There was a second time interval of examination between 28 and 32 weeks of gestation, which all women attended.
At each of the two visits, maternal venous blood samples (10 ml) were collected into tubes containing EDTA. Within 2 h, the plasma was separated by centrifugation at 4000 g for 10 min and stored at À80 C until testing. Maternal plasma sFlt-1 and PLGF concentration were measured using a commercial Roche Elecsys System (Rotkreuz, Switzerland) (Elecsys PLGF, human PLGF, and Elecsys sFlt-1, human sFlt-1). For each sample, the sFlt-1/PLGF ratio was calculated.
Optimal cutoffs were calculated based on multifactorial receiver operator characteristics. The cutoff was set as optimal when the classification rate was optimal, that is, the sum of sensitivity and specificity was maximal.
The main endpoints were PE and FGR. PE was defined as new-onset proteinuric hypertension after 20 weeks of pregnancy; hypertension as either a systolic blood pressure !140 mmHg or a diastolic blood pressure !90 mmHg; proteinuria as a protein excretion of at least !1+ proteinuria by dipstick in the absence of urinary tract infection. FGR was defined as a birth weight less than the 10th percentile of a reference group [20] .
The data of the clinical measurement series were logarithmically transformed for the statistical analysis with ANOVA and t-test because they were not normally distributed. The distribution of the single parameters in the different groups was calculated by one-factorial ANOVA when comparing several groups and when comparing two groups by t-test for continuous parameters and Fisher-test for qualitative data. Statistical analysis was performed using the Statistical Package for Social Sciences 20 for Windows (SPSS Inc., Armonk, NY). Statistical significance was assumed at p50.05. Logistic regression was used to perform univariate and multivariate analysis. Receiver operator characteristic (ROC) -curves were constructed and the area under the curves (AUC) used to compare the performance of various predictive tests.
Results
This prospective observational study enrolled 346 pregnant women. About 34 of them (9.8%) developed PE, 26 (7.5%) FGR and 14 (4.0%) both pathologies (PE & FGR). Controls (n ¼ 272) included women with otherwise uncomplicated course of pregnancy. Before the second examination there occurred one intrauterine and one perinatal death during normal pregnancy course as well as one perinatal death and one late abortion in the group of PE & IUGR.
According to final outcome, maternal characteristics at recruitment and pregnancy outcomes are shown in Table 1 . There were significant differences between pre-pregnancy BMI and a previous PE or chronic hypertension between patients with either FGR or PE & FGR compared to controls. Birthweight and GA at delivery were significantly lower in patients with FGR or PE & FGR than in the controls (Table 1) . Table 2 presents the UAD findings and laboratory results according to the pregnancy outcome. In the second trimester, there were significant differences between the groups of FGR and PE & FGR versus controls for the UA PI, PLGF concentration and sFlt-1/PLGF ratio. Differences were highest for PE & FGR versus controls, while differences for pregnancies with PE compared to controls were insignificant ( Table 2 ). In the third trimester, all tested variables were significantly different for the group of PE & FGR versus controls. Pregnancies that developed PE demonstrated significantly lower PLGF levels and higher sFlt-1 concentration and sFlt-1/PLGF ratio than controls. For pregnancies with FGR, only the differences for PLGF and the sFlt-1/PLGF quotient gained significance. As in the second trimester, all tested variables demonstrated the most prominent alterations in the group of PE & FGR (Table 2) . Table 3 shows the prediction of PE and FGR by clinical risk factors, angiogenic biomarkers and UAD. Results are expressed as c index (area under the curve [AUC]), sensitivity and specificity as well as ROC-curves (Figures 1 and 2) . Because of the small number of pregnancies with PE and FGR, analyses were performed for the groups of PE (n ¼ 48) and FGR (n ¼ 40), regardless of whether the women suffered from both entities at the same time. The combination of UAD and angiogenic factors resulted in an enlargement of the AUC compared to each parameter alone, both for PE as well as for FGR. The inclusion of anamnestic risk factors in the multivariate analysis led to a further improvement in the prediction of PE and FGR with an AUC of 0.85 and 0.79 in the second and 0.89 and 0.77 in the third trimester, respectively ( Table 3 ).
The multivariate analysis permits the calculation of an individual risk score for PE and FGR in the clinical routine in Ecuador using the following formulas:
Risk estimate for PE in the second trimester: À14.3 + 0.5 Â pre-pregnancy BMI + (À0.8) Â deliveries per patient + 2.7 Â previous PE + 1.6 Â UA PI + 0.095 Â sFlt-1/PLGF ratio; Risk estimate for PE in the third trimester: À15.5 + 0.5 Â pre-pregnancy BMI + 1.9 Â primigravidae + 2.8 Â previous PE + 0.3 Â sFlt-1/PLGF ratio; Risk estimate for FGR in the second trimester: À1.9 + 1.7 Â UA PI + (À0.01) Â PLGF; Risk estimate for FGR in the third trimester: À2.2 + 3.2 Â bilateral notching + (À0.001) Â sFlt-1 + 0.3 Â sFlt-1/PLGF ratio. The exponential function of the calculated value has to be divided through itself summarized with 1. The result of the calculation can be compared to the cutoffs in Table 2 .
Discussion
Our study focused on the value of angiogenic factors combined with UAD and maternal medical history in the prediction of PE and FGR, particularly in the Ecuadorian population. To the best of our knowledge, this is the first study exploring these factors in a high-altitude population. The findings of our study demonstrate that the combination of UAD and maternal characteristics could aid in the identification of women at risk for developing PE and FGR. This is of particular interest in a population with limited medical resources in order to organize appropriate antenatal care.
In agreement with previous studies [15, 16, 21, 22] , we found a significantly higher UA PI in the second trimester in pregnancies that developed either FGR or PE and FGR. Concerning biomarkers, PLGF values were significantly decreased and sFlt-1/PLGF ratio was increased in those with FGR as well as PE and FGR, but not in pregnancies with PE. Our inability to detect differences at 18-25 weeks between cases with PE and controls could be attributed to the rather low occurrence of early onset PE in our collective. Although the observed overall rate of PE was 9.8%, only 1.7% developed symptoms 534 weeks. It has been demonstrated, that differences achieve more significance in women who developed severe, early onset disease [2, 11, 15, [22] [23] [24] . Crispi et al. found in late-onset PE milder changes in sFlt-1 and PLGF levels than in early-onset PE with considerable overlap to controls. They made the observation that in those with late PE and abnormal UAD parameters, angiogenic placental proteins were similar to those observed in cases with early onset PE, while in the other subset with normal UAD parameters, angiogenic placental factors were similar to control subjects. Therefore, they postulated a subgroup of late-onset PE with minimal placental involvement [24] .
In our study, sFlt-1 levels were not distinctive between pregnancies with normal and adverse outcome in the second trimester. The findings of a rather limited role of sFlt-1 as a single second trimester parameter are in agreement with previous studies [22, 25, 26] . Recently, Romero et al. investigated longitudinal changes of angiogenic factors in normal pregnancies compared to pregnancies with PE or small for gestational age (SGA). Comparable to our findings in FGR cases, there were no differences in plasma concentration of sFlt-1 throughout gestation between uncomplicated pregnancies and those who delivered SGA neonates. In their study, PLGF levels were decreased throughout gestation in all pregnancies destined to adverse outcome, while sFlt-1 levels became elevated only at 7 weeks prior to the diagnosis of preterm PE and at 11 weeks prior to the diagnosis of term PE [26] .
In agreement with others, we found higher alterations in PLGF and sFlt-1 levels for the group affected by PE and FGR than for isolated PE or FGR [2] . In addition, the sFlt-1/PLGF ratio was strongest affected in pregnancies destined to develop both, PE and FGR. The observation of high sFlt-1/PLGF values not only in PE but also in FGR concurs with previous reports [21] . Like others, we found insignificant differences in sFlt-1/PLGF values between the group destined to develop PE and normal pregnancies in the second trimester [26, 27] .
Different cutoffs for the sFlt-1/PLGF ratio have been suggested to provide the greatest diagnostic accuracy [5] . In one study, a single cutoff of 85 for the sFlt-1/PLGF ratio was found to have a high degree of accuracy for diagnosis of PE throughout gestation, with a sensitivity of 82% and a specificity of 95%. For the subgroup early-onset PE the same cutoff value resulted in a sensitivity of 89% and a specificity of 97%, while for late-onset PE the reported sensitivity and specificity were 74% and 89%, respectively [11] . More recently, the use of multiple cutoffs for the early and late gestational phase has been suggested to improve the diagnostic accuracy for PE [28] . Compared to Verlohren et al., we used a lower cutoff and observed a lower sensitivity and specificity for the diagnosis of PE. The inconsistency of these results among several studies may be a consequence of the different gestational timing of the sample collection, but also a result of different prevalence of disease in the study population. Furthermore, there is large heterogeneity in the severity and the time of onset of the disease.
Chronic hypoxia of residents of high altitude (!2500 m) has been postulated as a key mechanism of impaired placentation, leading to maternal endothelial cell dysfunction [29] . It has been speculated that high-altitude pregnancies would have higher levels of antiangiogenic relative to proangiogenic factors compared with low-altitude pregnancies [30] [31] [32] and that this could contribute to diminished fetal growth and an increased frequency of PE. However, this hypothesis was not confirmed in previous studies, demonstrating comparable levels of PLGF and sFlt-1 in low-and high-altitude pregnancies [31, 32] . In one small study, contrary to expectations, lower sFlt-1 concentrations were observed at high altitude [30] . Julian et al. investigated women in Colorado residing at low (1600 m) or high altitude (3100 m) during pregnancy (20, 30 and 36 weeks). Altitude did not affect sFlt-1, PLGF or sFlt-1/PLGF ratio at any time. However, they observed lower nitric oxide metabolites and lower UA blood flow in high-altitude residents and this finding was associated with reduction in fetal growth [31] . These findings suggest that angiogenetic factors per se are not different in low-and high-altitude populations and play a correlative rather than a causal role in PE and FGR. Interestingly, Krampl et al. [33] found lower UA PI and RI at high altitude compared to sea level. Their normative data for high-altitude pregnancies compare well with our findings for the UA PI at 20 and 30 weeks. Despite the lower uteroplacental impedance at sea level, Krampl et al. observed significantly lower birth weights in high-altitude infants. Therefore, impaired placentation seems rather unlikely to be the primary cause for the reduced birth weight. The lower impedance at high altitude could be explained through more efficient early vascular remodeling of the spiral arteries as a response to lower oxygen tension [33] .
A systematic review on biomarkers for the prediction of PE found a considerable amount of heterogeneity between studies, explaining the wide range of test accuracies [34] . Kleinrouweler et al. found modest but significantly different sFlt-1 and PLGF concentrations before 30 weeks in women who subsequently developed PE. Although they found their single application to be insufficient in the prediction of PE in clinical practice, biomarkers might be more promising when incorporated in multivariable prediction models. Combination of patient factors such as age, ethnicity, body mass index or family history of PE with biomarkers resulted in better prediction of adverse pregnancy outcome [23, 27, 34] .
In our study, the combination of angiogenic factors with UA PI resulted in a larger AUC than for any single parameter. The inclusion of anamnestic factors in the algorithm further improved the prediction of PE and/or FGR. By customizing the indicated formulas in our study, it is possible to determine patient-specific risks for the development of PE or FGR.
Currently, there is increasing evidence that PE and delivery of small for gestational age (SGA) neonates can be predicted at 11-13 weeks' gestation by a combination of maternal medical and obstetric history, UA PI, mean arterial pressure and maternal serum biochemical markers [35] [36] [37] . Although several biochemical markers have been proposed, PAPP-A and PlGF are the only two that have been shown to be useful in first trimester screening, while sFlt-1 and the sFlt-1/PLGF ratio show a low predictive value [5, 26, 38] . The combined screening using maternal characteristics, biophysical and biochemical factors resulted in detection rates of early-PE, late-PE, preterm-SGA and term-SGA of 95.3%, 47.1%, 52.6% and 42.1% at a false-positive rate of 10%, respectively [37] .
We acknowledge some limitations of the study. First of all, the small sample size as well as the associated numbers of early PE and FGR. Furthermore, there is huge diversity of ethnicities and socio-economic groups in Ecuador, therefore our results might not be applicable to the complete Ecuadorian population.
In conclusion, this study reveals that screening by angiogenic factors and uterine PI, especially when combined with clinical features, may contribute to a prediction of PE and FGR in the Ecuadorian population. An early detection of any of those pregnancy complications may be essential to offer an optimal monitoring and supportive care to mothers and fetuses at risk. Further studies with larger study groups and different subgroups associated with PE and FGR are desirable in order to find additional support for our results.
